Conclusion-Quick phase failure is a constant feature of OMA, whereas abnormal head movements were detected in only about hAlf, depending on the underlying diagnosis. This oculomotor sign is better described as an intermittent saccade failure rather than as a true apraia. It indicates central nervous system involvement, has wide clinical associations, but it is not a diagnosis. (Br_J Ophthalmol 1996; 80: [151] [152] [153] [154] [155] [156] [157] [158] In 1952 Cogan' reported four children who had difficulty generating horizontal saccades, although vertical saccades were normal. He called this disorder 'congenital ocular motor apraxia' (c-OMA), and there have been many reports of this condition since. Infants with c-OMA are often hypotonic2-7 and developmentally delayed3 [6] [7] [8] [9] [10] [11] with late sitting and walking.' 3 7 12-16 Many develop a wide based gait or are described as ataxic,2 3 5 6 10 11 13 17-24 and clumsiness is common.2 3 5 8-11 14 17 21 Other cerebellar signs, such as intention tremor, are relatively rare. 20 23 Reading difficulties appear,3 9 19 24 and poor development of speech is often reported.5-7 10 11 13 16 20 22 Intellect is usually normal, but mild mental retardation has been reported.3 5 OMA has also been reported in children with neurodegenerative conditions such as infantile Gaucher's disease type 226 [34] [35] [36] (in which it can be a presenting sign) and type 3.37 OMA has been reported in Cockayne syndrome. 38 Early development may be normal in these children and so the OMA has been considered to be acquired (a-OMA). A-OMA is probably a constant feature of ataxia telangiectasia,34 39 40 and is strongly associated with the spinocerebellar degenerations.21 34 41-47 Rarely, OMA has been secondary to posterior fossa masses. 22 Typically the infant is held at arm's length facing the examiner. The examiner rotates him/herself and the infant en bloc for a few rotations then abruptly stops, repeating the procedure in the opposite direction. In the healthy infant, older than 1 month, typical vestibular nystagmus is observed. In the infant with saccade failure, there is a reduction or absence of quick phases so that the eyes 'lock up' in full deviation in the same direction as rotation (that is, to the examiners right (infant's left) when the examiner is rotating clockwise), but in the opposite direction after abrupt cessation of rotation. Similar effects can be elicited when the infant, or older child, is rotated on a swivel chair facing outward from the centre of rotation.
Group 4
This group consisted of 11 children who had non-progressive conditions secondary to probable insult occurring either perinatally or during the first 6 months of life: perinatal hypoxia (three); meningitis at 3 weeks (one); periventricular leucomalacia (one); athetoid cerebral palsy (one); septicaemia and anaemia at 48 hours following difficult breech delivery (one); herpes encephalitis at 4 months (one); epilepsy (one); epilepsy at 4 months possibly secondary to immunisation (one); unknown encephalopathy (one). The most common presentation sign was seizures. Because of the difficulties in eliciting saccades from these children, calibration was usually unreliable or impossible. Abnormally low gain smooth pursuit was identified by catch up saccades, and the degree of smooth pursuit abnormality was ordinally scaled from 0-3, with 0=normal, 1=catch up saccades only at high speeds (30 and 40 deg/s), 2=catch up saccades at all speeds, 3=no smooth pursuit. The absence of smooth pursuit in some patients could have reflected the conjunction of low gain smooth pursuit and difficulties in making catch up saccades. Abnormal saccadic hypometria was identified by the consistent presence of one or more secondary saccades, where the primary saccade had an amplitude of less than 90°/ of the target eccentricity.
Group
Saccade abnormalities were also ordinally scaled from 0-2, with 0=normal, 1 =hypo-metric, 2= absent. Saccade velocities were not measured. Although it appeared from the EOG and video records that OKN gain was frequently low, there was no objective way of assessing this without calibration, and so OKN gain was not analysed (because of the prevalence of quick phase failure, beat frequency could not be used as a measure of OKN). In 89% of patients, vertical eye movements appeared normal. In the remaining eight cases, a vertical saccade failure was present in three (herpes encephalitis, agenesis of the corpus callosum, infantile Gaucher's disease), a bilateral upgaze palsy was found in one case of perinatal hypoxia and optic atrophy; and a unilateral right upgaze palsy in a case of congenital right ptosis. Vertical nystagmus was present in three cases.
TONE, MOTOR, AND SPEECH
When described (n= 66), 61% of patients were described as hypotonic in infancy, 11% as hypertonic, and 28% as having normal tone. Hypotonia was not related significantly to diagnostic group. Hypertonia (n=7) was reported in four cases in the neurodegenerative group, and absent in the idiopathic group. When reported (n=70) there was a similar high incidence of delayed motor development, 
CLINICAL AND SUBCLINICAL GROUPS AND HEAD THRUSTING
OMA had been clinically identified in 47 children (the clinical group), mostly on the basis of head thrusting. However, LU was detected in a further 27 children (the subclinical group), who had been referred for oculomotor assessment but in whom OMA was not suspected; head thrusting was absent and, except for one case, manual rotation had not been performed (see Methods). One possible explanation for this discrepancy was that LU was much more subtle in the subclinical group. However, although the degree of LU was slightly greater in the clinical group, it was not significant (p<0 29) and could not account for the difference.
Another possible reason for the lack of head thrusting in some patients was poor head control owing to developmental delay. However, the opposite seems to have occurred with the incidence of motor delay and speech delay being significantly more likely in the head thrusting group (Spearman r= +0-25, p<0 036; r=+038, p<0.001).
The incidence of clinical OMA was significantly different among the diagnostic groups (x2) p<O-0 15) (this was also the case when the six patients, who were considered idiopathic without neuroimaging, were included (see Methods)). As can be seen from the proportions in Table 1 , there was a clear tendency to not identify OMA clinically in the neurodegenerative group.
Discussion
All patients with clinically identified OMA exhibited a failure of quick phases during induced optokinetic and/or vestibular nystagmus. These data clearly support Cogan's claim5 that LU is obligatory in OMA in children. We have not found LU in the normal infant older than 1 month and propose, therefore, that quick phase failure should be a defining feature of this disorder. Although the presence of LU can be tested at any age, missed quick phases during vestibular nystagmus are common in the neonatal period64 and we are also aware of vestibular LU occurring transiently in some healthy infants under about 3 weeks of age. Thus, the determination of pathological LU during vestibular nystagmus, which is induced during manual spinning, cannot be reliable until after 1 month of age. To our knowledge, the possibility of physiological LU during OKN has not been examined under 1 month of age.
In contrast with LU, a reliance on head thrusting to identify OMA is unsatisfactory. Among the clinical group of 47 children, 81% showed head thrusting, which reduced to 5 1O% when the subclinical group was included. As a presenting sign, head thrusting was reported in only eight patients, and head shaking was reported in a further five, out of a total of the 38 in which head thrusting was detected at this tertiary referral hospital. It OMA should be viewed in a wider context. Most affected children were slow in attaining early developmental milestones, and later they tended to be clumsy. Difficulties in speech development were very common (87%), and reading difficulties are also well recognised in this condition (although not examined in this study). These delays occur regardless of the underlying diagnosis, occurring in idiopathic children as well. Thus, in the long term, the possibility of mild/moderate educational difficulties should be recognised. The eventual outcome in patients with non-progressive OMA has often been questioned, but there has been no definitive answer, and we have not yet been able to follow our patients over sufficient time. Over the age range of our patients (from infancy to 14 years) we have found a significant decrease in LU with age. Although this may be due to an improvement in the disorder, there are other possible explanations: Firstly, over the first few years, normal children have a lower beat frequency than adults during induced nystagmus, which may reflect a higher threshold for quick phase triggering. Any decrease in LU with age may, therefore, reflect just a normal maturation process rather than an improvement in the disorder itself. Secondly, we observed a tendency for older children to employ synkinetic blinks rather than head thrusts as a compensating strategy. These blinks also occurred during OKN and VN, and prevented LU.
It is difficult to establish the incidence of OMA because of its poor detection and different referral patterns. Originally thought to be rare, there has been an increase in reported cases over the past 40 years, and some authors have suspected that it may be underreported. Clearly, a reliance on head thrusting as sign of OMA will lead to underdetection. On the other hand, finding LU in patients with already established neurodegenerative conditions is usually of little clinical value.
The distinction and clinical significance between congenital and acquired OMA is not always clear. In some cases the saccade failure has a clear late onset, which indicates acquired and usually progressive neurological disease. However, it is not always possible to establish the time of onset, which is compounded by the fact that head thrusting may not develop until after 3 months, and that physiological LU may occur transiently in the first month.
'APRAXIA' OR PAN-SACCADIC FAILURE?
Many regions of the brain are involved in the mediation and regulation of saccades and smooth pursuit, including the frontal eye fields, parietal cortex, basal ganglia, cerebellum, and brainstem,66 which prevent localisation of this disorder in the brain. Some have argued for a cortical anomaly6 8 9 17 18 20 25 because ocular motor apraxia can be acquired with bilateral frontoparietal lesions acquired in adulthood (Balint's syndrome)67 or because of the association with agenesis corpus callosum (ACC). However, there is little direct evidence to support this. Children with OMA do not show the complex visuospatial disorders typical of Balint's syndrome, such as optic ataxia, visual agnosia, and visual neglect. On the contrary, head thrusts testify to the intactness of visual fields and peripheral attention. Extensive reviews of ACC do not mention OMA,68 whereas ACC can be accompanied by other midline malformations including a enlarged fourth ventricle and cisterna magna'5 implying cerebellar vermis hypoplasia.14 Indeed, in many cases with congenital or acquired OMA, a subtentorial site seems the most likely, which is consistent with postmortem results showing dorsal cerebellar cortical dysplasia in an idiopathic case,7 or brainstem gliosis in a case of juvenile Gaucher's disease with congenital OMA.69 Thus, although the site(s) of childhood OMA are unknown, it is clear that most OMA occurring in childhood is distinct from the OMA acquired in adulthood through bilateral cortical lesions.
Although the term 'ocular motor apraxia' has become ingrained, it is inappropriate. According to Johnstone et al,70 'ocular motor apraxia consists of a defective initiation of voluntary saccades in the presence of normal reflexive saccades to visual targets and normal nystagmus fast phases'. Since all our patients showed a failure of reflexive quick phases, by this definition, OMA in children is not a true apraxia. We agree with others23 that the term 'apraxia' should not be used in this context, and recommend that this oculomotor sign be described as an intermittent 'saccadic failure',* reserving the term 'ocular motor apraxia' as Johnstone et al describe. 70 
